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Abstract
Traditionally chemical reactions are simulated using deterministic models. However, in the circumstances where the time scale for random fluctuations in the input to a process is of the same order of magnitude as that for transients in the system itself, it becomes necessary to take account of the random fluctuations leading to stochastic description. Randomness in a system arises in three possible ways. These types of situations are classified as: 
(1) Inputs to the system are "deterministic" but the basic nature of the system is random. (2) The system itself is "deterministic" but inputs to the system are random. (3) Both the input and the system have random characteristics. The randomness described by the first situation is known as internal noise and that described by the second situation as external noise. The principal objectives of the work presented in the thesis are: (1) To provide a brief outline of the stochastic methods. (2) Analysis of simple and complex reactions in presence of internal noise. (3) Study of the critical slowing down phenomenon from the stochastic viewpoint by various techniques. (4) Evaluation of the stochastic properties for reacting systems exhibiting exotic behaviour like bistability, critical slowing down and oscillations. (5) Probabilistic analysis of bifurcations for reaction diffusion systems. (6)Study of external fluctuations using probabilistic models. The thesis is divided into seven chapters and the chapter wise summary of the problem dealt with and main conclusions reached are given below. 
CHAPTER 1 INTRODUCTION AND SCOPE OF THE THESIS The text of this chapter explains the inadequacy of deterministic models and the necessity to have stochastic models for chemically reacting systems. The chapter also covers the scope of the thesis. 
CHAPTER 2 METHODS OF STOCHASTIC ANALYSIS This chapter in essence provides the conceptual and mathematical framework for the analyses presented in the subsequent chapters. The formulation of stochastic models for the cases when the internal and external noises are present is discussed. In general it is always preferable to account for internal fluctuations using a master equation approach while the external fluctuations are better accounted for as stochastic differential equations. The general methods of solution of these types of equations that are relevant to the thesis are briefly discussed along with an overview of the state of development in this area. 
CHAPTER 3 
PROBABILISTIC ANALYSIS OF INTERNAL FLUCTUATIONS IN SIMPLE AND COMPLEX REACTION SCHEMES In this chapter the ?- expansion method (van Kampen, 1976) has been applied to solve the master equation derived for the following reaction schemes. 
A) Single variable systems (1) First-order generation, consumption and second-order interaction processes. (2) Zero-order generation, second-order consumption rate processes. (3) Simple Langmuir-Hinshelwood kinetics. 
B) Two variable systems (1) The case of the catalyst surface where adsorption of two components followed by chemical reaction and desorption occurs. (2) Sustained isothermal oscillations on catalyst surfaces. (3) Reaction with nonsystemic type of autocatalytic feedback. The analysis of one variable systems indicates that fluctuations might contribute finitely to the measured variable and can not always be ignored. The results obtained for the first case in two variable systems suggest that the fluctuations die out in time and that the deterministic and stochastic analyses lead to identical results. The example of li m i t cycle considered in this chapter makes it sufficiently clear as to why the ? - expansion method is unsuitable for studying unique unstable behaviour. The application of ?. expansion method to the third reaction scheme in two variable systems proves that the results obtained by stochastic analysis such as first and second-order transitions in certain parameter ranges are identical with those obtained by the deterministic approach. 
CHAPTER 4 ROLE OF STOCHASTICITY IN THE PHENOMENON OF CRITICAL SLOWING DOWN It is known that many chemical reactions with feedback show relaxation times greater than the average residence time. Thus Heinrichs and Schneider (1981) showed that for a simple first-order autocatalytic reaction-taking place in a continuous stirred tank reactor, the relaxation time could reach infinity for a certain range of parameter values. The approach of the system towards the steady state therefore slows down considerably and the phenomenon is known as critical slowing down. 
This chapter analyzes the influence of internal random fluctuations on critical slowing down for the reaction scheme mentioned above. The different formalisms used are: 
(1) Master equation and its subsequent approximation by ?- expansion method. (2) Langevin equation approach. (3) Path integral method. (4) Solution of Langevin equation by scaling technique. (5) Monte-Carlo simulations. The results obtained using the master equation show equivalence with the deterministic slowing down. They also reveal that the regression rate of fluctuations (which also show critical slowing down) is identical to the regression rate of the macroscopic part of the system. The deterministic system undergoing critical slowing down and operating at critical point, when perturbed by a Gaussian random force and analyzed by Langevin approach, indicates the dependence of the slowing down phenomenon on the form of the noise term. 
The use of the path integral approach where the Fokker- Planck equation is reformulated as a path integral, presents the most probable path the system would follow along with the associated fluctuations or variance. The application of scaling theory to the Fokker-Planck equation confirms critical slowing in the system. Finally the Fokker-Planck equation is modified into a stochastically equivalent Langevin form and numerically integrated using the Monte-Carlo simulation technique. The results indicate sharp variations in the intensity of the fluctuations when the system undergoing critical slowing is disturbed. 
CHAPTER 5 
ESTIMATION OF STOCHASTIC PROPERTIES OF REACTING SYSTEMS EXHIBITING BISTABILITY, CRITICAL SLOWING DOWN AND OSCILLATORY BEHAVIOUR This chapter evaluates some of the stochastic properties for a bistable system by considering a case of simple chemical reaction on a catalyst surface. The properties such as mean 
time required to move from one state to another, the mean time spent in different states and transitions (gain or loss of particles or molecules) made from any state, the probability of reaching one state before reaching another state etc., provide additional information regarding the behaviour of the bistable system and could prove useful during the design and control of such systems. Additionally, the asymptotic theory of Fokker-Planck processes has been applied to obtain the mean passage time for a system variable to reach a certain threshold value. Two specific cases 
(i) an autocataytic reaction, and (ii) an oscillatory system are examined in presence of random fluctuations. 
CHAPTER 6 
ANALYSIS OF BIFURCATIONS FOR REACTION-DIFFUSION SYSTEMS The existing literature in the chemical sciences has not adequately explained phenomena such as pattern formation, excitations, wave propagation, chaos, and dissipative structures. It is generally believed that these are principal forms of the spontaneous breaking of spatial homogeneity under the combined influence of intrinsic kinetics and transport processes. In order to account for the spatial inhomogeneities a formalism which discretizes the space in terms of cells is commonly employed. 
Chapter 6 analyzes model systems in which diffusive gradients are explicitly accounted for using the cell model. The three specific cases of the reaction function analyzed are: (1) An autocatalytic feedback and nonelementary Hougen- Watson kinetics. (2)Lotka-Volterra limit cycle case. (3) Sustained isothermal oscillations on a catalyst surface. 
The deterministic analysis of the first scheme shows complex influence of the nonelementary step on the system behaviour. The results of stochastic analysis (using ? - expansion method) reveals the equivalence between deterministic and macroscopic equations and suggests that the fluctuations die out in time. The results obtained from the analysis of the Lotka-Vol terra scheme indicates that diffusive transport may or may not influence the steady state solution pattern and in presence of diffusive transport, though the original homogeneous solution is altered, no inhomogeneous solutions are formed, and the system still possesses unique unstable solution. Incorporation of diffusive transport in Pikios and Luss's (1977) isothermal oscillations scheme gives rise to a new finding that inhomogeneous stable solutions can lie below the homogeneous solution. 
CHAPTER 7 
A PROBABILISTIC ANALYSIS OF THE EXTERNAL FLUCTUATIONS 
The analysis of fluctuations in the earlier chapters was mainly confined to internal fluctuations. In this chapter another type of noise, namely the external noise, has been dealt with. External noise arises due to a fluctuating environment or can be the result of an externally applied force. Commonly the statistical properties of the noise are assumed to be Gaussian in nature (white noise). However, in practice white noise is more of an idealization and finite correlation time effects may become important. Such a noise is referred to as coloured noise. The reaction schemes analyzed in presence of external noise are: 
(1) A simple model exhibiting testability. (2) Michaelis-Menten type of enzymatic reaction. (3) The case exhibiting sustained isothermal oscillations on a catalyst surface. For cases (2) and (3) the effect of both the types of noises, namely white and coloured, has been studied. Analysis of bistable system shows that the incorporation of external noise destroys the multiplicity feature and the system eventually attains a state of no conversion. The results obtained for enzymatic reaction indicate that coloured noise can induce multiplicity which does not exist in the presence of white noise. The presence of white noise in an oscillatory system can bring deformations in the oscillatory behaviour. The incorporation of coloured noise in the same system shows increase in the frequency of oscillations and decrease in the amplitude. Additionally, it indicates that coloured noise can stabilize the system provided the intensity and correlation time of the noise are properly selected. 


